STUDIES OF TISSUE MAINTENANCE : II. THE SERVICE TO THE LIVER AND DIGESTIVE TRACT AFTER HEMORRHAGE by Gilding, H. P.
STUDIES  OF TISSUE MAINTENANCE 
II.  %  SERVICE TO  THE  LIVER  AND  DIGESTIVE TRACT  AFTER 
HEMORRHAGE 
B~ H. P. GILDING, B.M., B.CH. 
(From the Laboratories of Tke Rockefeller I~titute for Medical Researck) 
PLA~ 9 
(Received for publication, June 10, 1929) 
The  service rendered to  the various organs by  the blood can be 
gauged by the distribution to them of diffusible vital stains.  In a pre- 
vious study by the method,  there have been observed certain well- 
marked alterations occurring after the blood bulk has been reduced by 
hemorrhage.  The  service  to  the  organs  immediately  essential to 
life and  to  recovery (heart,  lungs,  respiratory muscles, alimentary 
canal, liver, red bone marrow) was maintained at the expense of that 
to Certain others (skin, voluntary muscles in general, spleen, urinary 
bladder).  But these latter organs,--with the exception of the urinary 
bladder and sometimes of the spleen,--did not suffer to an equal degree 
throughout,  regions  in  which the  circulation was  ineffective being 
interspersed amidst others still served by the blood, as shown by the 
stain that entered the tissues.  It has seemed possible  that a similar, 
if less pronounced, patchy neglect might after all have been present 
in the splanchnic viscera that appeared well and uniformly served, a 
neglect masked by rapid diffusion of the dyes, or by a  rapidly inter- 
mitting  circulation,  now  to  this  region  and  again  to  that.  The 
present work was undertaken to cover the point thus brought up. 
One does not have to look far in the literature to find that the vessels 
of the gut and liver are sufficiently contractile to render the assumption 
reasonable  that  a  functional ischemia may exist in these tissues on 
occasion. 
Mall showed in 1892 that during stimulation of the splanchnlcs the blood flow 
from the systemic arteries to the portal vein is greatly cut down.  There occurs 
213 214  STUDIES  OF  TISSUE  MAINTENANCE.  II 
also an active contraction of the portal twigs within the liver (1).  These observa- 
tions  on  vasomotor activities  within  the  hepatic  tissue  have  been  repeatedly 
confirmed  (2).  In anaphylaxls  of the  dog an interference  with  the  circulation 
through a  spasm of the small hepatic vessels leads to the characteristic drop in 
blood pressure (3).  Mautner and Pick (4) have adduced experiments to show that 
the liver of cats possesses a  mechanism whereby contractile spasm of the liver 
capillaries is produced.  According to these authors the action of epinephrin or 
barium chloride upon the vessels causes obstruction to the blood flow through the 
cat's liver as not through that  of rabbits.  Ebbecke brought about a  capillary 
dilatation with edema on stroking the hepatic surface, which he deemed compar- 
able with ~  the ciataneous stroking  phenomenon  that  has  of late been  so  much 
studied (5). 
The fact is well attested that contraction of the portal bed through vaso-con- 
striction is largely responsible for the maintenance of blood pressure after hemor- 
rhage.  Krogh has advanced evidence on this point (6).  Starling states that a 
loss of blood too slight to reduce the general blood pressure will cause blanching 
of the intestines (7).  In experiments upon some lower forms an extreme blanch- 
ing has  been elicited  in various  ways.-  Bayliss states ,  in summary of general 
knowledge, that the innervation of the abdominal viscera is predominantly vaso- 
constrictor whereas  that of the peripheral  tissues is vaso-dilator (8).  And yet, 
if one may judge by observations from our laboratory, the vascular readjustment 
which takes place after large hemorrhages in cats and rabbits, cuts down and may 
almost abolish the effective circulation to the periphery while interfering but little 
with that to the viscera. 
Method 
For the present work india ink was mainly employed.  It was mixed with a 4 
per cent solution of brom phenol blue or preceded by an injection of the stain, or 
of phenol red, when information was desired of the state of blood service to the 
skin and muscles.  Though this  is brilliantly disclosed with  the dyes it cannot 
be with  ink, which,  in animals  that have  been bled, frequently fails entirely to 
reach the tissues mentioned.  Higgins' American Drawing Ink (non-waterproof) 
was  employed.  For  injections  during  life  this  is  far  superior  to  the  Pelikan 
Tinte  (Giinther  Wagner)  so much  used  by Krogh,  since  the  particles  circu- 
late separately, not in agglomerates of various size.  The ink was dialyzed against 
Ringer's solution for some days and was then both filtered and centrifugalized, 
processes which separate out few if any particles.  2½ cc. per kilo was introduced 
at body temperature into a vein, during the course of one minute.  There followed 
only the rise in blood pressure which an equivalent amount of salt solution would 
have produced.  The animals employed were rats, rabbits and cats.  In some of 
the early work general anesthesia  was induced with urethane,  but  this proved 
unsatisfactory for reasons to be given later.  Light ether was employed with all 
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repeatedly bled from the carotid under a local anesthetic (9), but most of those 
employed were etherized.  Kymograph records of the blood pressure were taken 
in many ca.~es.  The rats were bled from the carotid while under the influence  of 
urethane or ether. 
To learn the distribution of the ink in the stomach and intestines direct inspec- 
tion during life was necessary; for needless to say much of it might be forced here 
and there through post-mortem contraction of the vessels.  So rapidly are the ink 
particles removed from circulation by phagocytes sessile within various organs that 
the inspection has to be carded out within the first minutes after the injection. 
For these reasons the animals used for the study of the gut were under general 
anesthesia; and in order to rule out the effects  of exposure, the abdomen was opened 
only when the time had come to look at the organs.  In the case of the liver the 
state of affairs could be studied at leisure  after the animal had been kJlled,--by 
exsangnination from the carotids, or by decapitation in the case of unanesthetized 
rabbits; for the ink is so rapidly taken out of the blood by the Kupffer cells that 
the amount of phagocytosis will serve as an index to blood service.  B~tt  in order 
to rule out a possible post-mortem distribution of the ink, with such phagocytosis 
as result, it was essential to remove the liver from the body immediately upon 
death.  Livers thus treated empty themselves of blood as they do not when they 
have been left in situ for even a few minutes with the large vessels uncut (10). 
In the present work the capillaries regnlady proved empty.  Microscopic prepara- 
tions  were  obtained  with  the  Valentine  knife or  the  freezing microtome, and 
cleared in glycerine.  If there was brom phenol blue in the organ, the complication 
of its intense blue hue was done away with by placing the sections in a solution 
possessing that slight degree of acidity necessary to turn the phthalein yellow. 
The Maintenance  of the Liver 
In a  series of preliminary  experiments  urethanized  rats  were bled 
repeatedly from a  carotid; injected with ink; killed after various brief 
periods  of  time;  and  compared  with  controls  merely  receiving  ink. 
It was a  surprise to find that under these circumstances the spleens of 
the depleted  rats contained  as much ink as those of the controls;  for 
Barcroft has proved that the spleen contracts after hemorrhage.  Our 
finding was traced to the urethane, which acts to prevent contraction of 
the  spleen,  as Henning  showed  (11).  When  the  rats  had  been  bled 
under  a  local  anesthetic,  almost  no  ink  reached  the  spleen.  It 
was everywhere equally distributed  to the liver lobuli, irrespective of 
the character of the anesthesia; but in the bled animals the peripheral 
Kupffer cells contained vastly more than did the central ones,--which 
was  not  the  case  in  controls.  In  rabbits  that  were  depleted  under 
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by the appearance of the organ and the almost complete failure of ink 
to enter it.  The rabbit liver on the other hand showed an abundant 
and even distribution of ink to all of the lobuli, but within these units 
the same pronounced divergence from the normal was observed as in 
rats.  The peripheral Knpffer cells were swollen with phagocyted ink 
particles, while those further in had less and less the nearer they were 
to  the  center.  Identical  findings were obtained when  the bleedings 
had been .carried out with the help of local anesthesia. 
In  all of  the  foregoing  instances  depletion  was  purposely  carried 
far, about half of the blood being taken as a rule.  Sometimes 20 min- 
utes had elapsed between the last bleeding and the ink injection, some- 
times  a  less  period,  the  plan  being  not  to  exhaust  the  activity  of 
the vasomotor center.  The  unanesthetized  rabbits maintained  the 
ordinary crouching posture.  In every instance in which brom phenol 
blue had  been mixed with the ink  a  pronounced patchy ischemia of 
the  peripheral  tissues  was  disclosed. 
Identical  findings  were  obtained  in  cats  bled  and  injected  under 
light ether, save for the fact that the ink wa.~ almost evenly distributed 
to  the phagocytes within  the  hepatic  lobuli,  just  as in  the  controls. 
Only when the depleted cats were sacrificed within a few seconds after 
the ink injection, with result that but little had been phagocyted, was 
more visible in the peripheral Kupffer cells. 
The Service Rendered by the Hepatic Artery 
The existence of two sources of hepatic  blood renders  uncertain  the 
interpretation  of the foregoing observations.  That  the two vascular 
trees supplying the hepatic tissue differ in their  vaso-motor responses 
is known  (12); and it might well be that  the  effects of a  contraction 
of portal radicles here and there would be masked by a freer fl0w from 
the  end  arteries,  or  vice  versa.  For  this  reason  observations  were 
made on  the distribution  of ink  after  diversion of the portal  stream 
from  a  part  or all of the liver. 
In some etherized cats and rabbits the branch of the portal vein running to the 
"main  liver"--the mas~ lying between stomach  and  diaphragm--was  tied,  the 
result being that all of the portal blood was diverted through the "lobe mass"-- 
the right posterior and caudate lobes.  This abrupt change in the path of the blood 
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in the course of the present work it has been observed to have no effect on the 
carotid pressure,  lgeedless  to say the necessary operation was performed with 
the least possible trauma and exposure of the viscera, only a short segment of the 
vein being dissected free for ligation.*  The hepatic  artery, in special, was not 
touched; and it was seen by direct inspection to continue to beat strongly.  The 
abdomen was then dosed with  a  running suture in two layers.  After 2  to  18 
minutes  had  been permitted to elapse, for purposes of readjustment  within the 
organism, the bleedings were carried out as nsual, and ink injected.  When the 
animal was killed a littie later the lobe mass was found coal bla~k with phagocyted 
ink partides whereas the main liver was of a light or dark brown.  In both portions 
of the organ the ink had been evenly distributed  to the 1obuli.  To control the 
effectiveness of the ligation milk was injected under pressure into the portal vein 
below the tie.  It flowed only into the lobe mass. 
One of the animals, a rabbit, had been vitally stained with phenol red just prior 
to the portal diversion and its body surface had colored a uniform red.  After the 
bleedings, at the time of the ink injection, the surface had become pronouncedly 
patched with buff upon red, plain evidence that there existed in the superficial 
tissues local areas of outlying acidosis, such as result from an ineffective circulation. 
In some additional experiments  (on rabbits) a preliminary operation was per- 
formed to induce a development of portal collaterals by partial obstruction of the 
flow to the liver, after Drury's modification of Moskowitz' method (14).  Some 
weeks later when the collaterals were well developed the portalvein was completely 
tied off under ether.  There resulted no alteration in the carotid blood pressure. 
After a brief interval to allow for readjustments the animal was depleted by suc- 
cessive bleedings according to the usual method, and ink, or ink and brom phenol 
blue, was injected.  On sacrifice itwas found that the effective blood pressure with- 
in the liver had been so greatly lowered by depleting the blood bulk that the slight 
pressure  exerted  on the organ by the stomach or ribs of the prone animal  had 
sufficed to prevent the ink from entering certain regions,  Elsewhere, though, it 
had been distributed  evenly to the lobuli by the hepatic artery.  The milk test 
showed that the portal stream had been wholly diverted from the liver. 
In a final experiment the portal vein in a normal male cat weighing 3025  gm. 
was tied off, with result,  of course, that the animal gradually bled into  its own 
splanchnic vessels, the blood accumulating in the portal regions back of the ligature. 
The abdomen was dosed as usual.  The carotid blood pressure sank progressively 
and within 8 minutes the mucous membranes of the mouth, previously pink, had 
become pallid.  After  18 minutes  the  animal was bled  20 cc. from the carotid 
cannula to hasten the depletion.  After 35 minutes the carotid blood pressure was 
very low, having fallen from 150 mm. Hg prior to ligature to 40 mm. Hg.  Now 
* The separation from its sheath of the portal vein of the cat or rabbit is a nice 
procedure, best accomplished after longitudinal incision of the sheath, by pressure 
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8 cc. of ink was injected intravenously during 35 seconds.  The skin failed to 
color with it at all, but the mucous membranes of the mouth became gray in 
patches.  19 minutes later both carotids were cut.  But little blood came away, 
nearly aU having collected in the portal viscera,  behind the ligature.  The liver 
was slaty black with ink which had been evenly distributed to the lobuli by way 
of the hepatic artery.  There was slightly  more in the peripheral Kupffer cells 
than near the center.  The milk test showed that the ligature had been occluding. 
These  experiments  demonstrate  that  arterial  blood  is  uniformly 
distributed within the liver even when the organism is at  the extreme 
of depletion. 
The Service Rendered  by  the Portal  Vein 
The literature on contraction of the portal radicles within the liver 
has already been reviewed.  There is much to indicate that it exerts 
an important regulatory influence on  the blood supply to the heart, 
notably  after  hemorrhage.  The  following  tests  were  designed  to 
show  whether  under  such  circumstances  some  parts  of  the  hepatic 
tissue are served by the blood and others neglected. 
In etherized cats and rabbits  the hepatic artery was dissected free and ligated, 
at a single point in the earlier experiments, in the later at two points, above and 
below the origin of the A. gastro-duodenalis,  in order to prevent all flow through 
collaterals.  Two ligatures were placed at each situation, the abdomen was closed 
as usual, and bleedings and injection were carried out in the ordinary way.  It was 
found, after the bleedings, that the intrahepatlc blood pressure had been so greatly 
lowered that the slight pressure of the ribs sufficed to prevent the blood-laden ink 
from entering the tissue lying next them.  Elsewhere, though, it was regularly dis- 
tributed to the lobuti.  The milk test showed that the ligatures had wholly cut off 
the arterial flow. 
Again no evidence was encountered of a  patchy maintenance  of the 
hepatic tissue in animals with a reduced blood bulk.  Some little arterial 
blood may have reached the liver by way of the diaphragm.  The supply 
of arterial blood from this source is so small in the rabbit that necrosis 
of the liver and  death regularly follow ligation  of the  hepatic  artery. 
In  the dog the  supply is sufficient to avert this  catastrophe. 
The Service Rendered  to  the Intestines 
When white animals  (rats,  rabbits and cats)  are injected with ink 
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become ashy gray as in normal controls.  So few ink particles reach 
the skin and muscles that the regions of total ischemi'a in these tissues 
cannot be discriminated with their aid.  As the foregoing experiments 
on  the  liver  have  sufficiently shown,  they  circulate  in  abundance 
through the portal bed.  Special care had been taken in these experi  -~ 
ments not to expose the intestines, in order to avoid vaso-dilatation 
due to trauma.  The short incision necessary to tie one or the other of 
the hepatic vessels had been made high up to the left of the mid-line 
where only the upper surface of the stomach and the under surface of 
the liver came into view.  Nevertheless a  dilation of the capillaries 
of  the gastro-intestinal  tract sufficient to  let  ink  through into  the 
portal vein might have been anindirect result of the operative proce- 
dure.  To learn whether  in the absence of any such stimulus thesevessels 
let ink through, as further to find whether they are patent everywhere, 
some a~imals were not laparotomized until after ink had been placed 
in circulation.  The examination was made during the brief interval 
before the particles had been taken out of the blood; and heed was 
given only to  the  condition when  the gut was first  exposed.  The 
animals had been fasted to  rule out all possibility of the digestive 
hyperemia described by Bier.  The stomach and small intestines of 
the cats were empty.  In rabbits the stomach and large bowel were 
still distended with roughage after several days fasting. 
Always  it  was  found  that  despite  the  preliminary  depletion 
the  intestines  and  stomach were  uniformly  gray  with  circulating, 
ink;  and  the blood of the portal trunk black.  Such vascular con- 
traction as may have taken place in readjustment for the blood loss 
had nowhere closed off the capillaries to such extent that ink particles 
could not course through them;  and  there was no sign of a  patchy 
distribution  of  the material.  The  findings  confirmed  those  with 
diffusible dyes  (15).  It  can  be  concluded that  such  compensatory 
contraction of the small vessels of the alimentary canal as may occur 
after hemorrhage does not anywhere even nearly shut these vessels, 
and that the service rendered by the blood to the tissues is far less 
affected as a whole than is that to the skin and muscles. 
Contractility of the  Vessels of the Alimentary  Tract 
That  the failure  of  the  small  vessels of  the  alimentary  tract  to 
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inherent inability to contract has been shown by tests with epinephrin 
and pituitrin.  After one of these  has been  given intravenously the 
blood supply to  certain portions of the bowel may be  so completely 
cut off that highly diffusible dyes fail to stain them.  Service to the 
liver,  though,  as  judged  by  this  criterion,  is  still  well  and  evenly 
maintained. 
A sufficient amount of 1-1000 solution of suprarenin (Metz) (0.05 cc. per kilo, 
diluted with an equal part of 0.9 per cent saline) was injected into a vein of rabbits 
or cats to cause a great rise in the carotid blood pressure, and while this rise still 
endured brom phenol blue in the quantity usual for vital staining (16) was run 
into the circulation.  As a rule a little of the suprarenin  solution  was  mixed 
with it,  the object  being  to  sustain  the  high  blood  pressure.  To avoid the 
possibility  of  cardiac  default  under  the  conditions  the  dye  was  injected 
more  slowly  than usual, in the course sometimes of as much  as  2,  ~ minutes. 
In rabbits the blood pressure  rise was succeeded by an irregular  fall toward the 
previous level throughout the subsequent period of 3 to 4 minutes before the animal 
was killed.  In cats on the other hand vagal inhibition of the heart beat caused 
the pressure to drop before it had risen very far, and frequently brought it below 
the previous normal.  This, of course, did not mean that vaso-constriction  had 
been relaxed.  At the time when the carotids of the anesthetized rabbits were cut 
they were hugely distended,  their diameter being often twice the normal,--clear 
evidence of a peripheral obstruction to blood flow. 
In both the  species used the service rendered by the blood to  the 
skin  and  muscles  was  greatly  interfered  with  by  the  action  of 
epinephrin,  as  shown  by  the  slow,  slight,  and  irregular  staining. 
The  small  intestine,  colon,  and  rectum  on  the  other  hand 
stained  as  well  as  normally,  becoming  deep  blue  within  so 
short  a  time  as  a  minute  after  the  dye  injection.  The  liver  and 
gall  bladder  were  also  rendered  diffusely  blue  and  the  phthalein 
promptly appeared in the bile.  On the other hand the mucosa of the 
stomach of rabbits  showed large, pallid,  serpiginous areas on a  blue 
ground.  These  contained  neither  dye  nor  blood.  They  had  no 
obvious relation to the vascular arrangement, and the overlying muscu- 
laris was as well stained as ordinary.  The caecum showed irregular 
unstained patches involving the whole thickness of the wall.  These 
likewise were unrelated to the patterning of the vessels.  In cats such 
evidence of  visceral  ischemia was  wholly lacking,  although in  skin, 
muscles, and omentum it was pronounced.  The cat spleens were not 
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Very  singular was  the  condition of  the  mesenteric  lymphatics of 
the rabbits.  Their contents became colored with blue as rapidly and 
deeply as ordinary; but after this had occurred the epinephrin must 
have induced  an  irregular  spasm of the  lymph channels  themselves, 
the consequence being that  they had the appearance  of broken  seg- 
ments of blue  thread,  or,--in  cases in  which they were  larger,  with 
bulgings  between  the  valves,--of  irregularly  contracted  blue  tape- 
worms.  So great had the spasm been in two animals that the channels 
had ruptured in numerous places near the gut and there were spreading 
extravasations of blue lymph.  Falta and Priestley  (17)  have made 
injections comparable to mine into dogs and have studied the vascular 
state by direct inspection of the organs.  They found the intestines 
as a  whole to be greatly blanched, and inferred that the circulation is 
diverted  elsewhere.  In  my  animals  only  the  stomach  and  large 
intestine manifested any ischemia  and  in  them  its  distribution was 
patchy.  The interference with service to the gastric mucosa may have 
been attributable,  in part  at  least,  to  contraction of the muscularis 
mucosae.  Adrenalin stimulates this layer as it does not the muscularis 
proper  (18).  The ischemia involving the  entire wall of the  caecum 
can only be explained on the basis of vascular contraction. 
Pituitrin yielded far more pronounced findings. 
Two preparations were employed, Pituitrin (Obstetrical),  Park, Davis and Co. 
and Infundin (Burroughs Welcome and Co.).  As in the case of epinephrin,  a 
preliminary intravenous injection was made to bring about vaso-constriction,  and 
when a pronounced rise of the carotid blood pressure showed that this had taken 
place in the etherized animals brom phenol blue or Patent Blue V was run into the 
blood stream,--very slowly, else the heart failed and death occurred.  For the 
pituitrin had caused an unexampled  rise in the general blood pressure.  At the 
time when the carotids were cut in order to kill the animal they were found dis- 
tended to double the ordinary diameter.  In two unanesthetized rabbits in which 
the blood pressure was not ascertained,  the same injection procedures were suc- 
cessfuUy  followed and with the same effects, as disclosed at autopsy.  The altera- 
tions in the service rendered to the tissues were profound.  The skin and voluntary 
muscles in general  stained almost not at all during the routine 3 minute period 
after the dye injection (Figs. 1 and 2).  The liver and gall bladder on the other 
hand were intensely and evenly stained and so too with the esophagus and small 
intestine.  The  stomach on  the other hand  was  sometimes  almost unstained 
throughout (Fig. 2), and again exhibited  serpiginous pallid patches which  were 
or were not limited  to  the  mucosa.  The  large  intestine  sometimes  showed 222  STUDIES  OF  TISSUE  MAINTENANCE.  II 
patching  throughout  and again was completely unstained.  The omentum was 
marbled with stain  or completely unstained.  The spleen was sometimes blue, 
and again was contracted and not stained.  The lymphatics deriving from the 
stained gut held deep blue fluid, whereas the contents of those from the pallid 
large bowel was colorless.  No great contraction of any of these channels was 
discernible. 
Both the preparations employed caused an interruption of service 
to the stomach and large bowel as shown by the more or less complete 
failure of these viscera to stain.  The small intestine was by contrast 
deeply  colored.  The  "Pituitrin"  caused  vigorous  peristalsis  with 
expulsion of feces, whereas the "Infundin" did not elicit this  activity, 
the  feces being  retained,  and  the  stomach  and  bowel,  examined 
before  life  had  wholly  ceased,  showing  no  abnormal  contraction. 
It is conceivable that in some situations contraction of the muscular 
layer of the gut may have reinforced vascular contraction, with result 
in the ischemia encountered.  But staining with the dyes employed is 
so extraordinarily swift that even a temporary relaxation of the muscle, 
as during peristalsis, would have sufficed to permit it, especially since 
the blood pressure was abnormally high.  The inference is  that  the 
ischemia was due to the same cause as that in the skin and muscles, 
namely to vascular contraction. 
It is possible that had the blood volume of the animals been reduced 
by bleeding just prior to the experiments, or had an amount of pituitrin 
been given which caused  a  less intense vascular  contraction in  the 
peripheral  tissues  some  diminution  in  blood  service  to  the  small 
intestine might have come to  light.  The bloodless state of the skin 
and muscles has already been commented upon.  With the narrowing 
of the circulatory channels everywhere the blood and the dye added 
thereto would inevitably be forced to the regions of least resistance, 
quite irrespective of whether the vessels within these regions,--which 
might well have been intestinal,--tended to contract.  In our experi- 
ments the lungs can scarcely have served as reservoirs for blood forced 
out  from  elsewhere.  They were  less  stained  even  than  ordinary. 
Room for some of the excess blood was obtained in the large vessels, 
as the distended condition of the carotids proved; and some was held 
in the dilated heart.  But in the circumstances of the case, with even 
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much blood may have been foisted, so to speak, upon the small intes- 
tines and liver.  Our interest did not lie in determining whether this 
was actually the case, but merely in the demonstration that the blood 
vessels in some parts of the gut, at least, are capable of such contraction 
as to prevent service to the tissues by way of them. 
C01~P~ENT 
The experiments demonstrate that  such vaso-constriction as may 
take place in the alimentary canal and liver to compensate for a lessened 
blood bulk never goes so far as to prevent the blood from rendering 
service to these organs.  Not only do diffusible dyes continue to be 
rapidly  distributed  to  them,  but  their  capillaries  fail  to  offer any 
obstacle  to  the passage  of india ink particles.  In  contrast  to  the 
state of affairs  in  the skin and muscles, where well served regions 
are interspersed amidst others wholly neglected, the service to  the 
hepatic parenchyma and  the wall of the gut is  evenly distributed. 
The maintenance of this uniformity was put to an extreme test in the 
case of the liver by cutting off the venous or arterial blood supply to 
the organ in animals with blood volume largely reduced.  Under these 
circumstances the remaining stream to the parenchyma flowed with 
so little force that the slight pressure of ribs and stomach  sufficed  to turn 
it aside here and there, with result in patches of total ischemia.  Had 
there been any local differences in the degree of constriction of the 
small vessels elsewhere in  the organ surely these should have  been 
evident in differences in the staining.  None were observed, the lobuli 
being all served to precisely the same extent.  Yet the existence of a 
vaso-motor mechanism within the liver is a fact that cannot be gain- 
said.  One must suppose it to be so admirably balanced in the healthy 
animal that all parts of the liver share equally in the blood; for other- 
wise local hypertrophy, and a concomitant atrophy, would occur (19). 
Mall observed that a colored mass injected into the freshly extirpated 
organ reaches  the  capillaries of the lobules everywhere at  the same 
moment, and this no matter whether  introduced  by  hepatic  vein, 
portal vein or hepatic artery (20).  The present experiments prove 
that  the regulation continues undisturbed during the compensatory 
readjustments which follow reduction of the general or local blood bulk. 
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(stroking phenomenon)  which Ebbecke  elicited on  the liver  surface 
must be thought of as a distinctly pathological manifestation. 
It had  seemed barely possible  that  under the circumstances of a 
general depletion the liver lobuli might be intermittently supplied with 
blood,  the rate of intermittence being so rapid that  staining with a 
vital dye or the scattering of india ink to the Kupffer cells would soon 
appear to have been broadcast.  To settle the point thus raised some 
animals  were killed  only  a  few" seconds  after  injection  of  the  test 
material.  Even in them the findings showed an even distribution of 
blood to the individual lobuli, though within these units one could see 
that the cells first reached by the stain or ink particles, namely those 
at the lobular periphery, shared in these substances more abundantly 
than  those nearer the central vein.  In  the case of normal animals 
receiving ink,--which substance can be followed with special ease,- 
this difference disappeared after a  few minutes, the Kupffer cells all 
appearing to have shared equally in the particulate matter, even when 
the amount was small.  So too with cats which had been bled.  In 
bled  rabbits,  on  the  contrary,  there was  a  startling  change in  the 
distribution, almost all the ink particles being held in the peripheral 
Kupffer cells, which were swollen and black with the engorged material. 
A number of reasons for this suggest themselves, amongst them thatof 
the known differences in  the intrahepatic vascular responses of the 
rabbit  and cat  (21). 
The maintenance of a  well distributed and effective blood service 
to the gastro-intestinal tract after hemorrhage is necessary if the gut is 
to function in aid of recovery.  Conditions would be doubly disastrous 
were service greatly cut down.  Yet in view of all that has been written 
on  intestinal  blanching  and  compensatory vaso-constriction  within 
the portal  system after hemorrhage one might have expected some 
regions of local ischemia at the least.  In this connection the demon- 
stration of a previous paper may be recalled, that blood service is often 
still going on in tissues which, to the eye, appear wholly bloodless. 
Bayliss has made the generalization that  the vaso-motors to  the 
viscera are predominantly vaso-constrictor in type, and those to  the 
periphery  vaso-dilator.  While  this  generalization  holds  for  the 
ordinary circumstances of life, certainly when the blood bulk is reduced 
the  compensatory  vaso-constriction  is  far  more  effective  at  the 
periphery than in the liver and alimentary canal. ~.  P.  GraDInG  225 
SUMMARY 
The vascular readjustments in compensation for a greatly reduced 
blood bulk  affect  the service rendered by  the blood to  the gastro- 
intestinal tract and liver far less than they do that to the skin and 
muscles.  Into these latter tissues india ink is carried almost not at all, 
whereas it circulates in quantity through the capillaries of the bowel 
and liver.  Evidently vaso-constriction is much less effective in these 
viscera.  Nowhere in them does one find a patchy~ischemia like that 
so wide-spread in the peripheral tissues.  Blood service is maintained 
to the same extent everywhere throughout the liver even when one of 
its two sources (hepatic artery or portal vein) is obstructed, and the 
intrahepatic blood pressure brought very low. 
A pronounced patchy ischemia of the stomach and large bowel can 
be induced by intravenous injection into normal animals of sufficient 
epinephrin  to  cause  the  systemic blood pressure  to  mount  to  an 
abnormally high level.  Pituitrin used in the same way has a greater 
effect;  blood  service  to  the  organs  mentioned may be  completely 
abolished by means of it.  In both instances, though, service to the 
small gut and liver is  still  excellently and evenly maintained. 
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EXPLANATION  OF PLATE 9 
Fig.  1.  Organs of an unanesthetized white rabbit receiving brom phenol blue 
intravenously and decapitated two minutes later. 
Fig. 2.  Organs of a white rabbit treated in the same way but receiving pituitrin 
four minutes prior to the stain. 
It will be seen that the skin of the right side of the pituitrin animal is unstained 
whereas that of the control was colored,  and though  the subcutaneous  muscle 
(seen attached to the skin on the left side) was stained that of the control was much 
more deeply so.  The stomach of the pituitrin rabbit though mottled with dye was 
largely unstained, whereas the stomach of the control was intensely colored.  The 
small intestines of both animals were stained to the same great degree,  but the 
caecum of the pituitrin animal showed some splotchy, partial pallor.  The blue of 
the animals photographed so poorly that the brilliant character of the differences 
is far from evident. 
Fig. 3.  A more pronounced instance of pituitrin ischemia.  The stomach of the 
rabbit injected with pituitrin followed by brom phenol blue has stained almost not 
at all, and so too with the descending  colon,--which is recognizable  by its content 
of fecal pellets.  The small intestine, on the other hand, is intensely colored. THE JOURNAL OF  EXPERIMENTAL MEDICINE VOL.  50  PLATE 9 
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